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DSN Tracking System—Mark 1lI-77

W. D. Chaney
TDA Engineering

This article provides a description of the DSN Tracking System — Mark [II-77
currently in use for multimission support. Tracking functions performed by the Deep
Space Stations, Ground Communications Facility, and Network Operations Control
Center are given. Changes that were made to the subsystems of the DSN Tracking
System — Mark III-75 to implement the DSN Tracking System — Mark III-77 are briefly

described.

. Introduction

The DSN Tracking System is a multiple-mission system that
generates radio metric data for use by Projects for spacecraft
navigation. The radio metric data types are as follows:

(1) S-band doppler
(2) S/X-band doppler
(3) S-band range

(4) S/X-band range
(5) Angles

The DSN Tracking System, while multimission, must be
upgraded to meet the more stringent requirements of outer
planet navigation. The previous designation of the DSN Track-
ing System was Mark II1-75 (Ref. 1) and was used for Viking,
Pioneer and Helios Project support. This article describes the
upgrade of the DSN Tracking System from the Mark III-75 to
the Mark II-77 for additional support of the Voyager and
Pioneer Venus 1978 Projects,

. Key Characteristics

The key characteristics of the new Mark III-77 DSN Track-
ing System are as follows:

(1) S/X-band doppler and range data generation using
precision hydrogen maser frequency standards.

(2) Simultaneous two station doppler for use in the deter-
mination of unmodelled spacecraft acceleration,

(3) Near simultaneous two station range data for the
improvement of navigation accuracies during low
declination angle tracks.

(4) Data time tagged to the 10-nanosecond level relative
to the DSN master clock.

(5) Calibration data for the RF transmission media.

(6) Precision control of Block IV receiver and exciter
frequencies for very narrow band tracking.

(7) Generation of tracking predictions for spacecraft
acquisition by DSN tracking operations.



(8) Real-time validation of the DSN Tracking System
performance,

(9) Real-time reporting of the DSN Tracking System
status to DSN Operations Control.

(10) Generation of a Tracking Intermediate Data Record
(future).

lll. DSN Tracking System Functions

The Mark 1II-77 DSN Tracking System consists of the Deep
Space Stations (DSS), Ground Communications Facility
(GCF), and Network Operations Control Center (NOCC). The
general functions performed in each are presented in Fig. 1.

A. DSS Functions and Modifications

The DSS functions, the subsystems required to perform
those functions, and external interfaces are presented in Fig. 2.
Modifications that were made in each subsystem in progressing
from the Mark III-75 to the Mark III-77 are given below.
Simplified Mark III-77 block diagrams depicting the sub-
systems and assemblies within the 26-m and 64-m antenna
DSSs are presented in Figs. 2, 3 and 4.

1. Frequency and Timing Subsystem. Hydrogen maser fre-
quency standards are being added to the 64-m subnet (DSSs
14, 43, and 63). These frequency standards will improve the
DSS frequency stability by approximately two orders of mag-
nitude which will extend precision range and doppler capabil-
ity to beyond 20 AU. Hydrogen maser stability is also avail-
able at the conjoint 26-m DSSs (DSSs 42 and 61).

2. Microwave Subsystem. An acquisition aid with approxi-
mately 16-degree beamwidth has been added at DSS 12 for the
initial pass acquisition of the Voyager spacecraft.

3. Technical Facilities Subsystems. A Meteorological Moni-
tor Assembly has been added, which measures and records
ground temperature, pressure, relative humidity, and iono-
sphere data. The ionosphere data are measured from tracking
the polarization angle of a linearly polarized stationary satel-
lite. These data are recorded on magnetic tape and transmitted
via high-speed data lines on a post-pass basis using the Original
Data Record (ODR) recall software.

4. DSS Tracking Subsystem. A major upgrade of the Track-
ing Subsystem is in progress. The previous Tracking Data
Handling Subsystem has been replaced by the Metric Data
Assembly (see Section IV, this article, for details). The Rang-
ing Demodulator Assembly(s) was reassigned from the
Receiver-Exciter Subsystem to the Tracking Subsystem. The

Planetary Ranging Assembly is being modified for near sun
line-of-sight angle operation in order to improve radio science
data.

B. GCF Functions and Modifications

The GCF functions, the subsystems to perform these func-
tions, and the external interfaces are given in Fig. 5. Mddifica-
tions to the High-Speed Data Subsystem were the addition of
the Communications Formatter Assembly at the DSN stations
and the generation of a centralized Original Data Record
(ODR) at the station containing the data available for HSD
transmission for all DSN systems.

Future addition to the GCF will be the modification of the
Data Records Processor Subsystem for the generation of a
tracking Intermediate Data Record (IDR). The IDR will con-
tain data as received from the DSN stations. Missing data will
be recalled from the station ODR as necessary to meet Project
commitments.

C. NOCC Functions and Modifications

The NOCC functions, the subsystems to perform these
functions, and the external interfaces are shown in Fig. 6.
Modifications to each assembly are described below.

1. Predictions. The Fast Phi Factor Generation Program
(FPGP) was added to the prediction assembly. The FPGP
provides a simplified station independent interface to the
Project, wherein the Project supplies a Probe Ephemeris Tape
that contains trajectory data for several months rather than
several days.

2. Display. A single digital TV channel will be made avail-
able to the Projects to provide displays of DSN radio metric
data performance (future).

3. Real-Time Monitor (RTM). The RTM has been modified

in order to supply volume real-time Tracking System perfor-
mance data in the Network Operations Control Area.

IV. DSS Tracking Subsystem

The DSS Tracking Subsystem (DTK), a part of the DSN
Tracking System, performs the following three main func-
tions:

(1) Generation of radio metric data

(2) Transmission of radio metric data

(3) Validation of the DSN Tracking System



The generation of radio metric data consists of those func-
tions necessary to acquire doppler, range, angle, and RF trans-
mission media calibration data. The transmission of radio
metric data consists of those functions necessary to format
and transmit the information to the user, The validation of the
Tracking System consists of those functions necessary to
verify the performance of the subsystem in the generation and
transmission of the data.

DSS Tracking Subsystem functions and interfaces are pre-
sented in Fig. 7.

V. DTK Key Characteristics

The key characteristics of the DTK are as follows:

(1) Automatic configuration of the DSS Tracking Su»
system.

(2) Generation of range codes.

(3) Full use of the Ground Communications High-Speed
Data Subsystem (HSS) for the transmission of DSN
Tracking System radio metric data between the DSS
and the Mission Control and Computing Center
(MCCC) and/or Network Operations Control Center
(NOCC).

(4) Simultaneous sampling of doppler from three space-
craft carriers at rates up to 10 per second.

(5) Simultaneous S/X-band ranging from one spacecraft.

(6) Automatic validation of DSS performance in generating
radio metric data.

(7) Automatic generation of the temporary DSS tracking
Original Data Record with selective recall data inter-
laced with the real-time data.

VI. Functional Operation

DTK functions and primary intersubsystem data flow are
presented in Fig. 8. Predictions, system configuration, and
data mode messages are received from the NOCC via the
Ground Communications HSS and are stored by the DTK for
use when requested by Network Operations. The predictions
are used to provide frequencies for digital programming and
control of the DSS Receiver-Exciter Subsystem (RCV) fre-
quencies, and to provide angles for control of antenna point-
ing. The system configuration messages and data mode mes-
sages are used to configure, control, and validate the DTK.

Planetary range code is generated and transmitted to the
RCV for modulation of the uplink carrier. Time-delayed range
code is supplied to the Range Demodulator Assembly (RDA)
where range correlation is determined. Range correlation is
then used in conjunction with clock and RF carrier doppler in
the acquisition and tracking of range and differenced range
versus integrated doppler (DRVID). Doppler data generated by
the RCV doppler extractor are counted by the doppler
counters for up to three RF carriers.

Angles, doppler, range, and DRVID data plus status, con-
figuration, data mode, and reference frequencies data are
sampled, then formatted and transmitted via the Ground
Communications HSS. Supplementary data, i.e., ground
weather data, ionospheric data, and polarizer data, are sampled
and inserted in the HSS data stream. A temporary ODR of all
data taken in real time is maintained for selective recall to the
NOCC or MCCC.
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SPACECRAFT GROUND
INTERFACE COMMUNICATIONS
INTERFACE

FUNCTIONS

® RECEIVE, STORE, AND DISPLAY PREDICTIONS

® PROVIDE SYSTEM CONFIGURATION AND DATA MODE CONTROL
® PROVIDE ANTENNA POINTING CONTROL

PROVIDE RECEIVER AND EXCITER FREQUENCY CONTROL
PROVIDE DOPPLER EXTRACTION AND COUNTING

PROVIDE RANGE AND DRVID EXTRACTION AND MEASUREMENT REALTE Ao e \ SURevsTEM
PROVIDE ANGLE READOUT RADIO METRIC DATA

PROVIDE DATA HANDLING CONTROL AND EORMATTING GQTDASUPPLEMENTARY

INTERLACE PARTIAL STATUS WITH RADIO METRIC DATA

OUTPUT RADIO METRIC AND SUPPLEMENTARY DATA TO HSD SUBSYSTEM
GENERATE DSS TRACKING ORIGINAL DATA RECORD

® PROVIDE SELECTIVE ODR RECALL

® PROVIDE GROUND WEATHER AND IONOSPHERE DATA AS SUPPLEMENTARY DATA
SUBSYSTEMS

® TRANSMITTER

® MICROWAVE

® ANTENNA MECHANICAL

e ACQUISITION AID

® RECEIVER/EXCITER

® FREQUENCY AND TIMING

® TRACKING

® TECHNICAL FACILITIES

RANGE MODULATED
S/X-BAND CARRIER

RANGE MODULATED
S-BAND CARRIER

PREDICTIONS, SYSTEM
CONFIGURATION AND
DATA MODE MESSAGES,
AND RECALL REQUESTS

HIGH=SPEED
FROM NOCC DATA

Fig. 2. DSS tracking functional requirements
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DSS INTERFACE

NOCC INTERFACE

FUNCTIONS

RADIO METRIC AND

©® TRANSMIT RADIO METRIC AND SUPPLEMENTARY DATA
TRANSMIT TRACKING PREDICTIONS

TRANS MIT SYSTEM CONFIGURATION, DATA MODE
MESSAGES, AND RETRANSMISSION REQUESTS

ERROR ENCODE/DECODE HIGH=SPEED DATA BLOCKS
PROVIDE ERROR DETECTION

GENERATE DSS ODR

GENERATE CENTRALIZED NDL
GENERATE PROJECT IDR (FUTURE)
SUBSYSTEMS

® HIGH-SPEED DATA

® DATA RECORDS PROCESSOR

e 6 &6 ¢ & 606 O

PREDICTIONS, SYSTEM

Fig. 5. Ground communications functional requirements

CONFIGURATION AND NETWORK
DATA MODE, RECALL SUPPORT
REQUESTS FROM NOCC CONTROLLER
REAL-TIME AND RECALL \ NC TRACKING
RADIO METRIC AND REAL-TIME
SUPPLEMENTARY DATA MONITOR
INTERMEDIATE PROJECT
DATA RECORD (FUTURE)
PROJECT/NOCC
INTERFACE

DSS SUPPLEMENTARY DATA
TRACKING
SUBSYSTEM / PREDICTIONS, SYSTEM
CONFIGURATION AND
DATA MODE, RECALL
REQUESTS FROM NOCC
GROUND
COMMUN]CATIONS
INTERFACE
RADIO METRIC
DATA,
HIGH~S PEED SD%'}EMENTARY
DATA
SUBSYSTEM

PREDICTIONS,
SYSTEM

CONFIGURATION
AND DATA MODE,
RECALL REQUESTS

FUNCTIONS
® GENERATE DSS PREDICTIONS

® GENERATE SYSTEM CONFIGURATION, DATA MODE MESSAGES
AND RECALL REQUESTS

® FORMAT AND OUTPUT TRACKING PREDICTIONS AND SYSTEM
CONFIGURATION AND DATA MODE MESSAGES TO HSD
SUBSYSTEM

VERIFY SYSTEM CONFIGURATION AND DATA MODE
COMPARE RADIO METRIC DATA WITH PREDICTIONS

TRANSMIT DISPLAY DATA TO NETWORK OPERATIONS
CONTROL AREA

® GENERATE TRACKING SYSTEM PERFORMANCE RECORD

@ RECEIVE AND RESPOND TO CONTROL MESSAGES FROM NETWORK

OPERATIONS CONTROL AREA
@ DISTRIBUTE DSN TIME SYNCHRONIZATION PREDICTIONS

ASSEMBLIES

® REAL-TIME MONITOR
® PREDICTION

® DISPLAY

DETECT PERFORMANCE AND STATUS OF THE DSN TRACKING SYSTEM

DIGITAL TV
DISPLAY
SPACECRAFT
$ FACTORS,
FREQUENCIES,

LIMITS

STANDARDS AND

(FUTURE)

PROJECT

STATUS AND
ALARMS

CONTROL
PARAMETERS

DISPLAYS AND
CONTROL
RESPONSES

Fig. 6. NOCC tracking subsystem functional requirements

DSN
MONITOR
SYSTEM

NETWORK
OPERATIONS
CONTROL
AREA

11
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